We hold the fort for linear specification of monetary policy and economic activity in Europe. Using data on the last two and a half decades we cannot reject the hypothesis that monetary policy is a linear process and we find mixed results regarding economic activity. 
INTRODUCTION
The nonlinear behavior of monetary policy is well documented in the theoretical literature. The phases of the business cycle are argued to influence monetary policy in a different way. For instance Cukierman (1999) assumes that policymakers fear failures that cause recession more than failures that cause expansion. In such setting, monetary authorities may be tougher on inflation during economic upturns, whereas output stabilization receives a relatively larger weight in downturns (see e.g., Dolado et al., 2000; Bec et al., 2002; Kim et al. 2002, for empirical evidence) . Economic theory also suggests that the impact of monetary policy on economic activity may be nonlinear (cf. Mankiw, 1985; Caplin and Leahy, 1991; Caballero and Engel, 1993; Ball and Mankiw, 1994; Karras, 1996a) , with asymmetric effects of monetary expansion and contraction (see e.g., Cover, 1992; Rhee and Rich, 1995; Karras, 1996b; Sensier et al., 2002; Dufrénot et al., 2003 , for empirical evidence) or asymmetric effects in booms and recessions (see e.g., Kakes, 1998; Kakes 2000; Peersman and Smets, 2001; Garcia and Schaller, 2002; Sensier et al., 2002 , for empirical evidence).
Even if this idea is supported for the United-States, it is challenged for countries constituting the core of the Euro-area (of which we examine Germany, France, Italy, and the Netherlands). Since the start of the Exchange Rate Mechanism (ERM) in 1979, European countries have increasingly committed to independent monetary authorities with goals separated from political or business cycle considerations.
Within the current European Monetary Union (EMU), there is little room for discretion in monetary policy and a priori little reason to expect nonlinear influence of economic activity on monetary policy.
Nevertheless, the commitment to reach EMU has not been the same for all countries at all times during the process of European monetary integration. While this argument essentially applies to all countries in the original ERM, especially during its roaring turbulent initial years, it applies more strongly to those countries that have opted out of European monetary integration somewhere short of EMU. We therefore additionally consider Denmark and the UK. Particularly for the UK, the desire for discretion in monetary affairs contributed to their decision to distance from further monetary integration. Thus, for these two non-euro economies, nonlinear effects of economic activity on monetary policy decisions remain conceivable a priori. This paper tests the relevance of nonlinear monetary policy in Europe. It relies on the Lagrangemultiplier test of linearity proposed by Luukkonen et al. (1988) , which tests smooth transition nonlinearity against the linear benchmark. Section 2 presents the test while section 3 discusses the empirical application. Section 4 concludes.
TESTING FOR SMOOTH TRANSITION NONLINEARITY
Consider the logistic smooth transition autoregressive (LSTAR) model
,;1,... Although we consider an LSTAR model with one transition variable, extensions with multiple transition variables are easily made. In addition, the LSTAR specification nests the two-regime switching regression model for γ →∞. A further extension -one that we do not explore in the present paper -involves the issue of parameter changes over time, which can be included in the LSTAR by inserting a time trend t as the transition variable. Last but not least, as we are primarily interested in testing the relevance of the LSTAR model versus the linear benchmark, we point out that this LSTAR model tends to a linear model for 0 γ → .
The major challenge associated with a formal linearity test is how to cope with the different numbers of nuisance parameters under the null of linearity and the alternative of LSTAR nonlinearity (e.g., Davie s, 1977; Lee et al., 1993) . Luukkonen et al. (1988) 
where R is a remainder and j δ , 0,1,2,3 j = are constant. Substituting (2) into (1) gives 
TEST RESULTS FOR EUROPEAN COUNTRIES
We analyze nonlinearities in monetary policy and economic activity for 6 Eur opean economies.
Germany, France, Italy and the Netherlands represent 4 of the 5 largest EMU economies. Denmark did not adopt the Euro, but nevertheless closely follows ECB monetary policy. The UK differs in the sense that it abandoned the road to EMU specifically due to its reluctance to straitjacket its monetary policy. Also, the UK is an economy that differs in structure from its continental counterparts and resembles more the US.
The data we use are quarterly series on GDP, consumer prices (CPI), long-and short-term interest rates, and the money supply (M3). German, French, Italian, Dutch and UK data is obtained from De Nederlandsche Bank while Danish data is taken from Engsted and Nyholm (2000) . We analyse the period 1979:1-2002:1, which covers the process of European monetary integration from the start of the ERM up to the physical introduction of the euro. We include the turbulent first years of the ERM to stack the deck against linear monetary policy.
For each country, LSTAR nonlinearity in economic activity (quarterly growth of GDP, denoted for simplicity as GDP ∆
) and monetary policy is assessed. We apply two proxies for monetary measures.
First, we use the monetary policy reaction model developed by McCallum (1994) , which is based on the observation that central banks adjust short-term rates in order to influence the term spread (the difference between long-and short-term interest rates, denoted Spr). In addition, we capture the tightness or ease of monetary policy with the growth rate of real balances (denoted / MP ∆ ) 1 . Table   1 reports the test results. The optimal lag length in each individual case is selected using the SBIC criterion. This particular model selection criterion is selected because it is the most conservative and therefore penalizes the linear specifications.
In the first three columns of table 1, LSTAR nonlinearity in economic activity is explored, using alternately lagged GDP ∆ , Spr and / MP ∆ as the transition variable. The linearity test results show that there is only weak support for nonlinear economic activity in the EMU countries when using lagged economic activity or the term spread as the transition variable. When lagged growth of real balances is used as the transition variable, nonlinear economic activity in the euro area still remains limited to Germany. These findings agree with Kakes (1998 Kakes ( , 2000 , who concludes that . The optimal number of lags for the models presented has been selected using the SBIC information criterion, refer to the appendix for the SBIC model selection results. The linearity test uses an F-approximation to ξ (equation (4) The relevance of monetary policy regimes driven by economic activity is explored in columns (4) and (5). There, term spread and growth of real balances are modelled as LSTAR nonlinear processes using lagged economic activity as the transition variable. The linearity test results are such that linear monetary policy is accepted for all countries that we consider. For the EMU countries such finding confirms our economic arguments: monetary policy on the way to EMU has been focused on price stability in the medium term since its incipience, aiming to preclude business cycle related discretion.
It also agrees with Dolado et al. (2000) 
